INTRODUCTION
provide a good donor acceptor property. [1] [2] [3] [4] [5] [6] [7] In the pure state, N,N-dimethylformamide show association through dipole-dipole interaction. 7 It finds applications in polymer science and pharmaceutical Industries and serves as a model compound of peptides to obtain information on protein systems. 6 Formamides also find application in industrial processes that involve their use as synthetic intermediates in the preparation of fungicides and polymers such as polyacrylonitrile. 8 Xylenes are frequently utilized as raw materials in many organic syntheses. High-purity xylenes are difficult to separate from common distillation operations, as it forms several binary azeotropes. N,N-dimethylformamide has been widely used as a selective extractant solvent for xylene separation from naphtha feed. 1 Measurements of densities, viscosities, speeds of sound and other thermodynamic properties of binary mixtures of o-, m-, p-xylene and isopropyl benzene and 2-butanone, 9 pyridine, 10 1-decanol, 11 N,Ndiethylformamide, 8 1, 7 We have studied o-, m-, p-xylene with pyridine at 293.15, 303.15, 313.15 and 323.15 K to determine inter-and intra-molecular interactions that exits in their binary mixtures 10 In this study, Experimental viscosities and densities are reported at four temperatures 293. 15 
EXPERIMENTAL

Materials
Reagent grade m-xylene, o-xylene, p-xylene and N,N-dimethylformamide were purchased from Sigma-Aldrich South Africa and used without further purification. The purity of the liquids was ascertained by comparing their measured densities (ρ), and viscosities (η), with those reported in the literature.
8-17
Mixture preparation
Binary mixtures were prepared by weighing appropriate amounts of N,N-dimethylformamide and xylene on an electronic balance. An AE Adam balance (Adam Equipment Inc. USA) model PW124 with a maximum capacity of 120 g, a readability range 0.0001 g and repeatability (S.D.) of 0.00015 g, linearity 0.0002 g, operating temperature +10 o C to 40 o C was used in all measurements.
Density measurement
Density measurements were carried out with an Anton Paar DMA-4500 M digital densitometer thermostatted at different temperatures. Two integrated Pt 100 platinum thermometers were provided for good precision in temperature control internally (T ± 0.01 K). The densitometer protocol includes an automatic correction for the viscosity of the sample. The calibration for temperature and pressure was made by the producer. The apparatus is precise to within 1.0x10 -5 g/cm 3 , and the uncertainty of the measurements was estimated to be better than ± 1.0x10 -4 g/cm 3 . Calibration of the densitometer was performed at atmospheric pressure using doubly distilled and degassed water.
Viscosity measurement
Viscosity measurements were carried out using Anton Paar SVM 3000 Stabinger Viscometer. The viscometer has a dynamic viscosity range of 0.2 to 20 000 mPa.s, a kinematic viscosity range of 0.2 to 20 000 mm 2 /s and a density range of 0.65 to 3 g/ cm 3 . The instrument is equipped with a maximum temperature range of +105 [8] 0.5580 [13] 0.8556 [8] 0.5580 [13] 0.8469 [8] 0.8380 [8] Literature 0.8638 [17] 0.719 [17] 0.8558 [13] 0.650 [17] 0.8559 [17] o- [8] 0.920 [17] 0.8714 [8] 0.6930 [13] 0.8630 [8] 0.8545 [8] 0.8794 [17] 0.8716 [13] 0.814 [17] 0.8714 [17] 0.8707 [18] p- [8] 0.566 [13] 0.8523 [8] 0.5660 [13] 0.8435 [8] 0.8347 [8] 0.8607 [17] 0.752 [17] 0.8523 [13] 0.676 [17] 0.8524 [17] [7] 0.9336 [7] 0.9261 [7] 0.9149 [7] 0.9487 [19] ... (12) where d¹ is an interaction parameter which is a function of the composition and temperature of binary liquid mixture.
RESULTS AND DISCUSSION
The correlating ability of equations 8, 9, 10 and 12 were tested by calculating the average percentage deviations (APD) between the experimental and the calculated viscosity as shown in equation 14.
... (13) where η expt and η calc represent the viscosity of experimental and calculated data, N is the number of experimental data points. figure 1(a-c) . Viscosity deviations for N,N-dimethylformamide (DMF) with o-xylene and p-xylene are positive while that of N,Ndimethylformamide (DMF) and m-xylene were found to be both positive and negative. Deviation in viscosity are related to molecular interactions such as hydrogen bonding, charge transfer interactions and physical interactions of dispersion forces or weak dipole-dipole interactions between compounds in a mixture. 23 The reason why a positive V E and a negative ∆η may result in a binary system is because of a disruption in associated molecules while a negative V E and positive ∆η is caused by an association or compound formation between components. 24 In a system where positive values of Dh are observed, specific interactions cause complex formation. When negative values of ∆η are observed, dispersion forces are therefore dominant. 23 In our system, positive deviations in Dh show a complex formation between N,Ndimethylformamideand o-xylene, m-xylene and p-xylene while negative deviations in ∆η, have resulted as a consequence of disruption in hydrogen bonding and increase in temperature as observed N,N-dimethylformamide has a lone pair of electron on the oxygen atom making it an electron donor while the xylenes on the other hand are electron acceptors. It is therefore possible for hydrogen bonding interactions between N,Ndimethylformamide and the xylenes to occur resulting in complex formation. 8 The plots of excess molar volume (V E ) against mole fraction at 293. 15 figure 2 (a-c) . Excess parameters associated with a liquid mixture are a quantitative measure of deviation in the behavior of the liquid mixture from ideality. 10 These functions are found to be sensitive towards the intermolecular forces and also on the difference in size and shape of the molecules. Excess volumes of liquid mixtures reflect the result of different contributions arising from structural changes undergone by the pure cosolvent. Positive contributions arise from breakup interactions between molecules namely, the rupture of hydrogen bonded chains and the loosening of dipole interactions. 25 Excess molar volume were found to be both positive and negative for the binary system between N,Ndimethylformamide and o-xylene, figure 2 figure 3(a-c) . Excess properties provide information about the molecular interactions and macroscopic behavior of fluid mixtures which can be used to test and improve thermodynamic models for calculating and predicting fluid phase equilibria. 10 The magnitude of ∆G* E represents the strength of interaction between unlike molecules. 26 Excess Gibbs free energy of activation of viscous flow are positive at all experimental temperatures.
A c o m p a r i s o n o f e x p e r i m e n t a l thermodynamic data of multicomponent mixtures with that calculated by means of various predictive methods is very useful from different points of view: (i) it suggests which model is more appropriate to the characteristics of the system, (ii) it may indicate which parameters should be improved when the model involves group contributions and (iii) it may allow the identification of some model as a convenient reference for the interpretation of the deviations observed. 10, 27 The viscosity data have been correlated with semi-empirical equations of modified Kendall Table 4 . Positive and negative Grunberg-Nissan parameters indicate the presence of both strong and weak interactions between unlike molecules. 
